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Redirection of sialic acid metabolism in genetically 

engineered Escherichia coli 

Pingenberg M; Lichtensteiger C; Vimr E (Reprint) 

Univ Illinois, Coll Vet Med, Dept Pathobiol, 2522 VMBSB, 
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GLYCOBIOLOGY , (JUL 2001) Vol . 11, No. 7, pp . 533-539. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 

Most microorganisms do not produce sialic acid (sialate) , and those 
that do appear to use a biosynthetic mechanism distinct from mammals. 
Genetic hybrids of nonpathogenic , sialate-negative laboratory Escherichia 
call K- 12 strains designed for the de nora synthesis of the polysia ic 
acid capsule from E, coli K1 proved useful 

in elucidating the genetics and biochemistry of capsule biosynthesis, n 
this article we propose a dynamic model of sialometabolism to investigate 
the effects of biosynthetic nea (N-acetylneuraminic acid) and catabolic 
nan (N-acylneuraminate) mutations on the flux of intermediates through 

sialate synthetic pathway, Intracellular sialate concentrations were 
determined by high pH anion exchange chromatography with pulsed 
amperometric detection. The results indicated that a strain carrying a 
null defect in the gene encoding polysialyltransf erase (neuS) accumulated 
> 50 times more CMP-sialic acid than the wild type when strains were 
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grown 
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in a minimal medium supplemented with glucose and casamino acids. 
Metabolic accumulation of CMP-sialic acid depended on a functional 
sialic acid synthase (neuB) , as shown by the 

inability of a strain lacking this enzyme to accumulate a detectable 
endogenous sialate pool. The neuB mutant concentrated trace sialate from 
the medium, indicating its potential value for quantitative analysis o 
free sialic acids in complex biological samples. The Function of the 
sialate aldolase (encoded by nanA) in limiting intermediate flux through 
the synthetic pathway was determined by analyzing free sialate 
accumulation in neuA (CMP-sialic acid synthetase) nanA double mutants. 

combined results demonstrate how E, coli avoids a futile cycle in which 
biosynthetic sialate induces the system for its own degradation and 
indicate the feasibility of generating sialooligosaccharide precursors 
through targeted manipulation of sialate metabolism. 
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* ABSTRACT IS AVAILABLE IN THE ALL AND I ALL FORMATS* 


AB The K1 capsular polysaccharide, a polymer of sialic acid, is an 

important virulence determinant of extraintest inal pathogenic Escherichia 
coli. The genes responsible for the synthesis and expression of the 
polysialic acid capsule of E. call K1 are located on the 17-kb kps gene 
cluster, which is functionally divided into three regions. Central region 
2 encodes proteins necessary for the synthesis, activation, and 
polymerization of sialic acid, while flanking regions 1 and 3 are 
involved 


in polymer transport to the cell surface. In this study, we identified 

two 


genes at the proximal end of region 2, neuD and neuB, which encode 

proteins with predicted sizes of 22.7 and 38.7 kDa, respectively. Several 

observations suggest that the neuB gene encodes sialic 

acid synthase. EV24, a neuB chromosomal mutant that 

expresses a capsule when provided exogenous sialic acid, could be 

complemented in trans by the cloned neuB gene. In addition, NeuB has 

significant sequence similarity to the product of the cpsB gene of 

Neisseria meningitidis group B, which is postulated to encode 

sialic acid synthase. We also present data 

indicating that neuD has an essential role in K1 polymer production. 

Cells 

harboring pSR426, which contains all of region 2 but lacks region 1 and 3 
genes, produce an intracellular polymer. In contrast, no polymer 
accumulated in cells carrying a derivative of pSR426 lacking a functional 
neuD gene. Unlike strains with mutations in neuB, however, neuD mutants 
are not complemented by exogenous sialic acid, suggesting that NeuD is 

not 

involved in sialic acid synthesis. Additionally, cells harboring a 
mutation in neuD accumulated sialic acid and CMP-sialic acid. We also 
found no significant differences between the endogenous and exogenous 
s ialyl transferase activities of a neuD mutant and the wild-type organism. 
NeuD shows significant similarity to a family of bacterial 
acetyl transferases , leading to the theory that NeuD is an 
acetyltransf erase which may exert its influeuce through modification of 
other region 2 proteins. 
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AB When neuroinvasive Escherichia coli K1 cells 

are grown at temperatures below 20. degree. C, they fail to synthesize the 
. alpha . - 2 , 8 - 1 inked polysialic acid (polySia) capsule. The objective of 
this study was to use a genetic and biochemical approach to analyse why 
capsule expression was defective at cold temperatures. The strategy was 


to 

construct E. coli Kl-derived mutants with 

defects in activation and degradation of Sia. The inability to degrade 

Sia 

because of a defect in the Sia-specific aldolase permitted accurate 
quantitation of Sia and CMP-Sia. Strains EV5 and EV90 possessed a 
defective CMP-Sia synthetase and were unable to activate Sia. These 
mutants were then used to study how synthesis of Sia, CMP-Sia, and the 
polySia capsule was affected by growth at 15. degree. C. In contrast to 
wild type strains, the mutants accumulated Sia in considerable quantities 
(up to 100 nmol mg protein-1) at 37. degree. C. However, no Sia was 
detected after growth at 15. degree. C. A temperature upshift experiment 
showed that the intracellular concentration of Sia increased ca . 3-fold 
within 5-10 min after shift from 15 to 37. degree. C, even in the presence 
of inhibitors of protein synthesis or transcription initiation. An in 
vitro assay for Sia synthase showed that Sia was synthesized at 
3 7 . degree . 

C in cell-free extracts from both 37 and 15. degree. C grown cells, but 
that no synthesis occurred when the same extracts were assayed at 
15. degree. C. These results indicated that Sia synthase was a cold 
sensitive enzyme that was synthesized at 15. degree. C, but was 
reversibly 

inactivated at low temperatures. Radiolabelling experiments using 
[ 14C ] Sia 

showed that CMP-Sia synthetase and the polyST polymerase were also cold 
sensitive. We conclude that polySia capsule synthesis in E. 
coli Kl strains at 15. degree. C is regulated primarily 

at the level of Sia synthase, rather than transcriptionally controlled. 
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activation and degrdn . of Sia. The inability to degrade Sia because of a 
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Sia 


and CMP -Sia . Strains EV5 and EV90 possessed a defective CMP-Sia 
synthetase and were unable to activate Sia. These mutants were then used 
to study how synthesis of Sia, CMP-Sia, and the polySia capsule was 
affected by growth at 15. degree.. In contrast to wild type strains, the 
mutants accumulated Sia in considerable quantities at 37. degree.. 

However, no Sia was detected after growth at 15. degree.. The , 

intracellular concn. of Sia increased . apprx. 3 -f old within 5-10 min afte 
shift from 15 to 37. degree., even m the presence of inhibitors of 

Pr0tS synthesis or transcription initiation. An in vitro assay for Sia 
SYIlth showed that Sia was synthesized at 37. degree, in cell-free exts. from 


both 


37 and 15. degree, grown cells, but that no synthesis occurred when the 
same exts. were assayed at 15. degree.. These results indicated that Sia 
synthase was a cold-sensitive enzyme that was synthesized at 15. degree., 
but was reversibly inactivated at low temps. Radiolabeling expts. using 
[14C] Sia showed that CMP-Sia synthetase and the polyST polymerase were 
also cold-sensitive. PolySia capsule synthesis in E. coli K1 strains at 
15. degree, is apparently regulated at the level of Sia synthase, rat 
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